Recent announcements of commercial developments of electrolytic processes for the preparation of adiponitrile and tetramethyllead have focused attention on a long-known method that has been used only sporadically. Lack of utilization of this technique by chemists and industry has been ascribed to general ignorance of the method, the disorganized condition of the electroorganic literature, and industry's reluctance to undertake long-range studies of the method's potential.
ographic data do not always agree with the results obtained in a large-scale electrolytic preparation, since the former occur under diffusion-controlled conditions while the latter is accompanied by vigorous stirring. An illustration of such a phenomenon is the reduction of benzenediazonium chloride, which polarographically gives two waves in buffered solutions. The first wave is independent of pH and represents the following electrode reaction: C6H5N2++ e-C6H5 *+ N2 Large-scale electrolysis, with the use of a controlled potential, gave products arising from the phenyl radical, phenylmercuric chloride, and diphenylmercury.
The second wave, which is about four times as high as the first, is pH dependent and represents the reduction of the ion to phenylhydrazine:
C6H5N2+ + 4e + 3H+ -> COH5NHNH2
Large-scale electrolysis, with stirring, however, gave similar products to those obtained by use of the potential of the first wave (3). By substitution of a special cell in which the diazonium salt is introduced by gravity through the mercury electrode supported on a permeable disk, phenylhydrazine was obtained in 75 Polarographic studies under similar conditions have pointed to a two-electron reduction for saturated ketones and a four-or six-electron reduction for a-hydroxy or dihydroxy ketones in the steroid series. Large-scale reduction of the nonconjugated steroidal nuclear ketones gave the equatorial epimeric alcohol, with a high degree of stereospecificity and in yields comparable to those obtained by reduction with sodium in alcohol (8) .
Preparations of this type use, in addition to water, organic solvents for solubilization of the organic compounds; high electrical resistances are thus encountered, with subsequent heating of the solution, so that cooling is necessary to prevent loss of the solvent. These factors prohibit scaling-up of such preparations to commercial units, since high current densities are attained only with difficulty.
A technique that circumvents these difficulties and which was ignored until recently is the use of alkali arenesulfonates as solubilizing agents (9 Reduction of quinones in aprotic solvents proceeds stepwise to the semiquinone anion and the dianion. Electrolytic reduction of bromobenzene in dimethylformamide has formed benzaldehyde, and in the presence of carbon dioxide, benzoic acid (30). The latter reaction with benzyl chloride gave phenylacetic acid (31). These results confirm the formation of carbanions from these compounds.
Phenyl anions are also produced during electrolytic reduction of phosphonium and arsonium salts (30). Such electrolytic cleavages, when applied to optically active salts, give the optically active phosphine (32) and arsine (33) as products.
The technique of controlled-potential electrolysis has been widely used in conjunction with polarographic data to prepare radicals for electron spin resonance studies in aprotic solvents; it has two distinct advantages over oxidation or reduction by chemical reagents in that a variety of potentials is available and the tetraalkylammonium salts, used as the electrolytes, interact with anion radicals to a much smaller extent than do the smaller cations that are formed when alkali metals or similar metallic reductants are used. The method has been applied to electron spin resonance studies of anthracene, The same oxidation in the absence of pyridine goes stepwise through the cation radical, since oxidation in acetonitrile in the presence of ethanol gave bianthrone (44). The same type of behavior has occurred in the oxidation of aniline at a rotating platinum anode; in the presence of pyridine the anodic wave is twice as high as that observed for the amine in the absence of pyridine.
The mechanism of the oxidation, however, is different (46). The corresponding oxidation of cycloheptatriene and bitropyl in acetonitrile gave the tropylium ion (47).
Electrolysis has been used to generate cation radicals for electron spin resonance studies and has been applied to phenothiazine ( In the production of dicarboxylic acids, the formation of dimethyl sebacate from monomethyl adipate has received the most attention. Maximum yields of 80 to 83 (platinum electrode) and 60 to 65 percent (carbon anode) are reported for this compound (56).
A major development in this period was recognition that species could be generated in the Kolbe reaction that behaved like carbonium ions (57). The formation of such ionic species becomes more important at higher voltages and seems to be especially favored with structures that give rise to relatively stable carbonium ions; examples that fail to give the normal Kolbe products are usually of this type. When an appropriate amount of alkyl. halide is maintained in solution, magnesium is not desposited on the cathode but is converted to additional alkylmagnesium halide. The alkyl halide must be present in a concentration sufficient for reaction with the magnesium but not high enough to make significant the Wurtz-type side reaction:
The process is successful in the preparation of mixed alkyl lead compounds (82). Alkali tetramethylaluminum in tetrahydrofuran or diglyme, a eutectic mixture of sodium tetraethylalurninum and sodium tetramethylaluminum that melts at 83 0C, and other aluminum alkyl complexes have reasonably high con- 
